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2-3 Hyodo et al. 2005
s D max D 50
(g/cm3)  (mm)  (mm)
2.655 0.425 0.210 0.973 0.613 1.480





CH4 6H2O 1 mol 124 
g 0.912 g/cm3 1 
mol 124 / 0.912 = 135.965 cm3 135.965 cm3
1 mol 1cm3
1 / 135.965 = 7.355  10-3  mol (2-3)
(2-3)
P (atm) V (L) 1cm3
n 1cm3 R L atm K -1 mol-
1 = 0.082 T K V = 
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Effective confinig pressure   'c(MPa)
PSC, Host sand e=0.673-0.684
(Nakata et al., 2010)
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PSC, MH-bearing san e=0.651-0.667
TC, Host sand e=0.646-0.667
TC, MH-bearing sand e=0.649-0.682
(Hyodo et al., 2013)








Effective confinig pressure   'c(MPa)
PSC, Host sand e=0.673-0.684
(Nakata et al., 2010)
PSC, Host sand e=0.654-0.656
PSC, MH-bearing san e=0.651-0.667
TC, Host sand e=0.646-0.667
TC, MH-bearing sand e=0.649-0.682
































































Effective confining pressure c' (MPa)
































1b-2b 2b-3b 3b-4b 4b-5b 5b-6b 6b-7b
(A) 





1b-2b 2b-3b 3b-4b 4b-5b 5b-6b 6b-7b
(A) 





1b-2b 2b-3b 3b-4b 4b-5b 5b-6b 6b-7b
(A) 













     Before shearing
     Inside shear band











     Before shearing
     Inside shear band






Effective confinig pressure c' (MPa)
Uc : inside shear band
Uc : outside shear band







Effective confining pressure c' (MPa)
Host sand
MH-bearing sand
2-17 c'=1MPa 2-18 c'=5MPa
2-19
2.6
28) Coop, M. R. and Atkinson, J. H., 1993, the mechanics of cemented carbonate sands, Géotechnique 43 
(1), pp. 53 67.
29) Desrues, J., Lanier, J. and Stutz, P., 1985, Localization of the deformation in tests on sand sample, 
Engineering Facture Mechanics 21 (4), pp. 909-921. 
30) Dvorkin, J., Helgerud, M.B., Waite, W.F., Kirby, S.H., and Nur, A., 2000, Introduction to physical 
properties and elasticity models. In M.D. Max, Ed., Natural Gas Hydrate In Oceanic and 
Permafrost Environments, pp. 245-260. 
31) Hyodo, M., Hyde, A.F.L., Nakata, Y., Yoshimoto, N., Fukunaga, M., Kubo, K., Nanjo, T., Matsuo, 
T. and Nakamura, K., 2002, Triaxial compressive strength of methane hydrate, Proceedings of 
12th International Offshore and Polar Engineering Conference, pp. 422 428. 
32) Hyodo, M., Nakata, Y., Yoshimoto, N. and Ebinuma, T., 2005, Basic research on the mechanical 
behavior of methane hydrate-sediments mixture, Soils and Foundations 45 (1), pp. 75 85. 
33) Hyodo, M., Nakata, Y., Yoshimoto, N. and Yoneda, J., 2008, Shear strength of methane hydrate 
bearing sand and its deformation during dissociation of methane hydrate, Proceedings of the 4th 
International Symposium on Deformation Characteristics of Geomaterials, pp. 549 556. 
34) Hyodo, M., Yoneda, J., Norimasa, N. and Nakata, Y., 2013, Mechanical and dissociation 
properties of methane hydrate-bearing sand in deep seabed, Soils and Foundations 53 (2), pp. 
299-314. 
35) Katsuki, D., Nakata, Y., Hyodo, M., Norimasa, Y. and Hidekazu, M., 2004a, Roles of structural bonding 
and particle physical property in one-dimensional compression behaviour of bonded granular 
geomaterials, Journal of JSCE, 764/III-67, pp. 193-206.
36) Katsuki, D., Nakata, Y., Hyodo, M., Norimasa, Y. and Hedekazu, M., 2004b, The Society of Materials 
Science, Japan, 53 (1), pp. 13-16.
37) Kneafsey, T. J., Tomutsa, L., Moridis, G. J., Seol, Y., Freifeld, B. M., Taylor, C. E. and Gupta, A., 
2007, Methane hydrate formation and dissociation in a partially saturated core-scale sand sample, 
Journal of Petroleum Science and Engineering 56, pp.108-126.  
38) Kurihara, M., Sato, A., Ouchi, H., Ohbuchi, Y. Masuda, Y., Narita, H., Ebinuma, T., Saeki, T., and 
Fujii, T., 2009, Examination on gas producibility from Eastern Nankai Trough methane hydrate 
resources, Journal of the Japanese Association for Petroleum Technology 74 (4), pp. 311-324. (in 
Japanese) 
39) Kvenvolden, K.A., Ginsburg, G.D. and Soloviev, V.A., 1993, Worldwide distribution of 
subaquatic gas hydrates, Geo-Marine Letters 13, pp. 32 40. 
40) Lade, P. V. and Duncan, J. M., 1975, Elasto-plastic stress-strain theory for cohesionless soil, 
journal of Geotechnical Engineering, ASCE, 101 (10), pp. 1037-1053. 
41) Lade, P. V. and Overton, D. D., 1989, Cementation effects in frictional materials, Journal of 
Geotechnical Engineering 115 (10), pp. 1373-1387.
42) Lam, W. and Tatsuoka, F., 1988, Effect of initial anisotropic fabric and 2 on strength and 
deformation characteristics of sand, Soils and Foundations 28 (1), pp. 89-106. 
43) Leroueil, S. and Vaughan, P. R., 1990, The general and congruent effects of structure in natural soils 
and weak rocks, Géotechnique 40 (3), pp. 467 488.
44) Masui, A., Miyazaki, K., Haneda, H., Ogata, Y. and Aoki, K., 2008, Mechanical characteristics of 
natural and artificial gas hydrate bearing sediments, Proceedings of the 6th International 
Conference on Gas Hydrates, Chevron, Vancouver, B. C., Canada, 6-10 July. 
45) Matsuoka, H. and Nakai, T., 1974, Stress-deformation and strength characteristics of soil under 
three different principal stresses, Proceedings of JSCE 232, pp.59-74. 
46) Matsuoka, H., 1976, On the significance of the spatial mobilized plane, Soils and Foundations 16 
(1), pp. 91-100. 
47) MH21 Research Consortium, 2001 Research Consortium for Methane Hydrate Resources in Japan. 
</http://www.mh21japan.gr.jp/>. 
48) Miyazaki, K., Masui, A., Sakamoto, Y., Haneda, H., Ogata, Y., Aoki, K., Yamaguchi, T. and 
Okubo, T., 2007, Effect of strain rate on the preparation of triaxial compression test specimen of 
deposits containing methane hydrate, Journal of MMIJ 123 (11), pp. 537 544 (in Japanese). 
49) Miyazaki, K., Yamaguchi, T., Sakamoto, Y., Tenma, N., Ogata, Y. and Aoki, K., 2010, Effect of 
confining pressure on mechanical properties of sediment containing synthetic methane hydrate, 
Journal of MMIJ 126 (7), pp. 408 417 (in Japanese). 
50) Miyazaki, K., Masui, A., Sakamoto, Y., Aoki, K., Tenma, N. and Yamaguchi, T., 2011, Triaxial 
compressive properties of artificial methane- hydrate-bearing sediment, Journal of Geophysical 
Research 116, B06102. 
51)
R&D program. Journal of Geography 118 (5), pp. 758 775. (in Japanese) 
52) Nakata, Y., Kikkawa. N, Hui, Q. Orense, R. and Hyodo, M., 2009, Shear band observation for 
crushable ground beneath string footing using PIV, AIP Conference Proceedings 1145, 157. 
53) Nakata, Y., Hyodo, M., Yoshimoto, N., Quio, H. and Kajiwara, T., 2010, Shear behavior of sand 
in plane strain compression test with PIV analysis, Japan Society of Civil Engineers 2010 Annual 
Meeting 65 III-254, pp. 507-508 (in Japanese). 
54) Oda, M. and Kazama, H., 1998, Microstructure of shear bands and its relation to the mechanisms 
of diatancy and failure of dense granular soils, Géoteqchniue 48 (4), pp. 465-481. 
55) Suzuki, K., Ebinuma, T. and Narita, H., 2009, Features of methane hydrate-bearing sandy-
sediments of the forearc basin along the Nankai trough: effect on methane hydrate-accumulating 
mechanism in turbidite, Journal of Geography 118 (5), pp. 899 912 (in Japanese) 
56) Tsutsumi, Y., Koseki, J. and Sato, T., 2008, Strain localization characteristics of dense Toyoura 
sand in plane strain compression tests under defferent confining pressures, Deformational 
Characteristics of Geomaterials 1, pp. 365-370. 
57) Waite, W. F., Winters, W. J. and Mason, D. H., 2004, Methane hydrate formation in partially water-
saturated Ottawa sand, American Mineralogist 89, pp. 1202-1207. 
58) Yamamoto, K., 2009, Examination of gas producibility from Eastern Nankai Trough methane 
hydrate resources, Journal of the Japanese Association for Petroleum Technology 74 (4), pp. 311-
324. 
59) Yoneda, J., Hyodo, M., Nakata, Y., Yoshimoto, N., Kokura, Y., Tsuda, N. and Ebinuma, T., 2007, 
Mechanical property of gas hydrate sediment at deep seabed on triaxial compression test, Ground 
Engineering 25 (1), pp. 113 122 (in Japanese). 
60) Yoneda, J., Hyodo, M., Yoshimoto, N., Nakata, Y. and Kato, A., 2013, Development of High 
Pressure and Low Temperature Plane Strain Testing Apparatus for Methane Hydrate-Bearing 
Sand, Soils and Foundations 53 (5), pp. 774-783.  
61) Yun, T. S., Santamarina, J. C. and Ruppel, C., 2007, Mechanical properties of sand, silt, and clay 
containing tetrahydrofuran hydrate, Journal of geophysical research 112, B04106. 
3.1
3.2
Mean effective stress p' (MPa)
Depressurization
Pressure recovery
Failure envelope of host sand




Path 2 A' B' C' B'
Path 1 A B A
3.3
3.4.1












































































































































Case1 Toyoura sand without initial shear
Case2 Toyoura sand with initial shear
Case3 Tc without initial shear
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0p Mean principal stress p
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NCL for MH bearing sand










































(4-46) pi=1MPa ei Tb n=45%

























4-3 Tb n=45% ei pi
4-4 Tb c =1 3 5MPa
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